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In order to investigate fundamental properties of
the radial thermal diﬀusivity χr in a quasi-steady state
of a low-collisional toroidal plasma having a perturbed
region, we apply the drift kinetic equation solver KEATS
to the ion heat transport phenomenon in the circular
tokamak ﬁeld disturbed partly by the resonant magnetic
perturbations (RMPs).1) The simulation conditions are
as simpliﬁed as possible: (1) The perturbed region is
wedged in between the regular closed magnetic surfaces;
(2) Electric ﬁeld, MHD activities, neutrals, and impuri-
ties are disregarded.
We evaluate the radial thermal diﬀusivity of ion
from the radial heat ﬂux given in the drift kinetic simula-
tions. The important contribution to the radial heat ﬂux
originates from not only the untrapped particles but also
the trapped particles aﬀected by the RMP ﬁeld. Here,
the contribution of the “untrapped particles” to the ra-
dial heat ﬂux is shown as the random spots in the re-
gions of |v�/v⊥| > √�t in the contour maps of δQi r,
as illustrated in ﬁgure 1. Here, v� and v⊥ are the par-
allel and perpendicular velocities of the guiding center,
respectively, �t is the inverse aspect ratio, and δQi r is
evaluated by the following equation:
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Iv�, v⊥(v
�
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�
⊥) = 1 if v� −Δv�/2 ≤ v�� < v� +Δv�/2 and
v⊥−Δv⊥/2 ≤ v�⊥ < v⊥+Δv⊥/2, and Iv�, v⊥(v��, v�⊥) = 0
otherwise. In ﬁgure 1, the domain of v� is given as
−4vT < v� < 4vT, the domain of v⊥ is given as
0 < v⊥ < 4vT, and both the domains are squarely di-
vided by the constant widths, Δv� = Δv⊥ > 0, where vT
is the thermal velocity. Note that δQi r(v�, v⊥) is given
from the integral of ∇r · Iv�, v⊥(v��, v�⊥) (miv�2v�/2) δf
taken over a reference surface labeled by r, and that
the energy ﬂux across the reference surface is given
as Qi r =
∑
kv, �v
δQi r({kv + 1/2}Δv�, {�v + 1/2}Δv⊥),
where kv = · · · ,−2,−1, 0, 1, 2, · · ·, and �v = 0, 1, 2, · · ·.
The present study shows that the region of the
toroidally trapped particles in the original tokamak ﬁeld
without RMPs is modiﬁed by the RMP ﬁeld, as shown in
ﬁgure 1, and that the contribution of the untrapped par-
ticles, which is caused by the RMP ﬁeld, depends mainly
on the strength of RMP ﬁeld ��δBr�2�1/2 and the col-
lisionality (νeﬀ/ωb). Here, ��δBr�2�1/2 is the strength
of the RMPs in the radial directions, νeﬀ is the eﬀective
collision frequency, and ωb is the bounce frequency.
From the simulation results, the radial thermal dif-
fusivity in the collisionless limit is expected as1)
χr ∼ χNCr + c˜0 qRaxvT
��δBr�2�
|Bt0|2 .
Here, χNCr is the neoclassical thermal diﬀusivity, q is
the safety factor, Rax is the major radius of the mag-
netic axis, |Bt0| is the strength of the magnetic ﬁeld on
the magnetic axis, and c˜0 is a positive coeﬃcient. The
value of the coeﬃcient c˜0 is evaluated as c˜0 ∼ 10−4 from
the simulation results; i.e., the value of c˜0 is as small
as satisfying 0 < c˜0 � π in a quasi-steady state of δf ,
as contrasted with that the coeﬃcient predicted by the
ﬁeld-line diﬀusion (FLD) theory2) is c˜0 = π. While the
simulation results in the present study employing the as-
sumption of zero electric ﬁeld are not appropriate to be
directly compared to ordinary tokamak experimental re-
sults, we can expect from the results of the present study
that the radial thermal diﬀusivity in the perturbed re-
gion in the ordinary tokamaks is signiﬁcantly reduced as
compared to the FLD theory because of the Coulomb
collision.
There remain the questions how the coeﬃcient c˜0
is determined in a given RMP ﬁeld and how it depends
on geometry of ﬂux surface, q-proﬁle, etc. In the present
study, a remarkable feature determining the coeﬃcient
c˜0 is not found in the complicated distributions in the
velocity space. Therefore, we expect that the physics
behind the determination of c˜0 is not simple but involves
kinetic processes in the perturbed magnetic ﬁeld. The
questions above are topics in the future study.
Fig. 1: The contour map of δQi r in the case: (a) without
RMPs and (b) with RMPs, where δQi r is estimated at
the center of the perturbed region.
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